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© Method for controlling an internal combustion engine for vehicle with automatic transmission 
system. 



© In a method for controlling the speed of a ve- 
hicle engine (2) with an automatic transmission sys- 
tem (T/M) including a gear transmission (5) and a 
clutch (4), the fuel quantity supplied to the engine (2) 
is controlled so as to maintain the speed at a pre- 
determined level in response to the operation for 
disengaging the clutch (4), and the fuel quantity is 
controlled from a predetermined time before the 
clutch (4) becomes completely engaged after the 
gear transmission (5) was shifted into a target gear 
position so as to gradually change the supplied fuel 
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quantity to an amount corresponding to the amount 
of operation of the accelerating member (15) of the 
vehicle at that time, whereby the speed of engine (2) 
can be made a speed corresponding to the amount 
of operation of the accelerating member (15) when 
the clutch (4) has just been completely engaged. In 
the case where a braking device is operated, a 
target fuel quantity determined during the automatic 
gear-shifting operating is corrected, so that the driver 
experiences a sufficient feeling of deceleration cor- 
responding to his operation of the braking device. 
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BACKGROUND OF THE INVENTION 



Field of the Invention 



The present invention relates to a method for 
controlling an internal combustion engine for 
powering a vehicle with an automatic transmission 
system including a gear transmission and a clutch. 

Description of the Prior Art 



In the conventional motor vehicle with an auto- 
matic transmission system including a friction type 
clutch and a gear type transmission, which are 
electronically controlled in accordance with the op- 
eration parameters of the associated vehicle to 
perform gear-shifting operation automatically, for 
preventing excessively high engine speed during 
clutch disengagement, it is necessary to control the 
throttle valve of the engine so as to lower the 
engine speed during clutch disengagement and so 
as to return the engine speed to a prescribed level 
at the time of clutch engagement. However, in such 
an engine speed control system if the engine 
speed is not properly controlled to an appropriate 
speed at the time the transmission has just shifted, 
the driver and or passengers will experience an 
uncomfortable feeling of acceleration or decelera- 
tion after the gear-shifting operation. 

To overcome the drawbacks mentioned above, 
Japanese Patent Application Public Disclosure No. 
Sho 62-67243 discloses an engine control method 
in which the fuel quantity supplied to the engine is 
controlled so as to realize a target engine speed 
determined in response to the gear ratio after the 
gear-shifting operation, the vehicle speed before 
the gear-shifting operation and the amount of op- 
eration of the accelerator pedal, whereby the feel- 
ing of deceleration when shifting up, the feeling of 
acceleration when shifting down, the feeling of de- 
celeration at a kick-down operation and the like can 
be eliminated. That is, the proposed control meth- 
od mentioned above is for softening the shock 
occurring at the time of a gear-shifting operation by 
correcting the engine speed. However, since the 
feeling of acceleration/deceleration expected by the 
driver depends upon how a member for regulating 
the fuel quantity has been manipulated, it is difficult 
to eliminate the incompatibility between the ex- 
pected vehicle acceleration/deceleration and the 
actual operation of the member. In other words, in 
the case of, for example, a kick-down operation, 
the feeling of deceleration experienced at that time 



cannot be eliminated even if the target engine 
speed is corrected to a slightly higher speed, and it 
will be required to quickly implement a full-throttle 
condition in order to make the driver experience a 

5 sufficient feeling of acceleration. 

Furthermore, according to the proposed control 
method, since the target engine speed used after 
the gear-shifting operation is set on the assumption 
that a large change in the vehicle speed will not 

/o occur during the gear-shifting operation, even if the 
target engine speed for zero-throttle state is set in 
the case where braking power is applied to the 
vehicle by the depression of the brake pedal during 
a gear-shifting down operation, the target engine 

/5 speed will still be too high to be matched with the 
deceleration of the vehicle, and this will make the 
driver feel uncomfortable. 



SUMMARY OF THE INVENTION 



It is an object of the present invention to pro- 
vide an improved method for controlling an internal 

25 combustion engine for powering vehicles with an 
electronically controlled type automatic transmis- 
sion system including a gear transmission. 

It is another object of the present invention to 
provide a method for controlling the speed of an 

30 internal combustion engine for vehicles with an 
automatic transmission system without occurrence 
of incompatibility between the vehicle 
acceleration/deceleration expected by the driver 
and the actual operation of a vehicle operation 

35 member by the driver. 

It is a further object of the present invention to 
provide a method for controlling the speed of an 
internal combustion engine for vehicles with an 
automatic transmission system so that the driver 

40 will experience a vehicle acceleration appropriate 
for what he expects from his actual operation of an 
acceleration member. 

It is a still further object of the present inven- 
tion to provide a method for controlling the speed 

45 of an internal combustion engine for vehicles with 
an automatic transmission system so that the driver 
will experience a vehicle deceleration appropriate 
for what he expects from his actual operation of a 
braking member. 

so According to one feature of the present inven- 

tion, in a method for controlling the speed of an 
internal combustion engine for a vehicle with an 
automatic transmission system, which includes a 
clutch and a gear transmission electronically con- 
55 trolled so as to automatically shift the gear trans- 
mission to a target gear position determined in 
response to an operation parameter or parameters 
of the vehicle, there is provided a method compris- 
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ing steps of: determining a target speed of the 
engine during a condition of disengagement of the 
clutch; detecting the operation condition of the 
clutch; regulating a fuel regulating member for con- 
trolling the fuel quantity supplied to the internal 
combustion engine so as to obtain the target speed 
while the clutch is in its disengaged state; and from 
a predetermined time before the clutch will be 
completely engaged, controlling the fuel regulating 
member so as to gradually change the supplied 
fuel quantity to an amount corresponding to the 
amount of operation of an accelerating member of 
the vehicle at that time. With this constitution, the 
position of the fuel regulating member is controlled 
so that the speed of the engine is maintained at the 
target speed after the start of the disengagement 
operation of the clutch for gear-shifting. Then, at 
the predetermined time, the operation for gradually 
moving the fuel regulating member forward or 
backward is started so that the fuel regulating 
member will reach the position corresponding to 
the amount of operation of the accelerating mem- 
ber by the completion of the clutch engagement. 
Therefore, the speed of the engine corresponds to 
the amount of operation of the accelerating mem- 
ber at the time when the clutch engagement opera- 
tion has just been completed. As a result, the 
driver will experience an acceleration/deceleration 
feeling corresponding to the amount of operation of 
the accelerating member at that time, when the 
clutch operation, that is the automatic gear-shifting 
operation, is completed. 

According to another feature of the present 
invention, in a method for controlling the speed of 
an internal combustion engine for powering a ve- 
hicle with an automatic transmission system during 
an automatic gear-shifting operation, the system 
having a clutch and a gear transmission which are 
electronically controlled so as to automatically shift 
the transmission to a target gear position deter- 
mined in response to an operation parameter or 
parameters of the vehicle, there is provided a 
method wherein a target speed of the engine after 
the completion of the gear-shifting operation is 
determined in accordance with the vehicle speed 
iust before the start of the gear-shifting operation 
and the resulting gear ratio to be obtained after the 
gear-shifting operation, and the target engine 
speed is corrected to a lower speed when a brak- 
ing device is operated. Thus, the fuel quantity 
supplied to the engine .at the completion of the 
clutch engagement is controlled so as to attain the 
corrected target speed, whereby the driver exper- 
iences a feeling of vehicle deceleration matched to 
his braking operation. 

The invention will be better understood and 
other objects and advantages thereof will be more 
apparent from the following detailed description of 



preferred embodiments with reference to the ac- 
companying drawings. 



5 BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a view schematically showing an 
embodiment of a vehicle control system with an 
w automatic transmission system, in which the engine 
speed during automatic gear-shifting operation is 
controlled in accordance with the present invention; 

Fig. 2 is a flowchart showing a first control 
program executed in the engine control unit shown 
75 in Fig. 1; 

Fig. 3 is a flowchart showing a second con- 
trol program executed in the engine control unit 
shown in Fig. 1 ; 

Fig. 4 is a detailed flowchart showing a tran- 
20 sient control step of the second control program 
shown in Fig. 3; 

Figs. 5A to 5C are graphs showing the ve- 
hicle operation according to the present invention; 

Fig. 6 is a view schematically showing an- 
25 other embodiment of a vehicle control system with 
an automatic transmission system, in which the 
engine speed during automatic gear-shifting opera- 
tion is controlled in accordance with the present 
invention; and 

30 Fig. 7 is a flowchart showing a control pro- 

gram executed in the engine control unit shown in 
Fig. 6. 

DESCRIPTION OF THE PREFERRED EMBODI- 
35 MENTS 



Fig. 1 schematically shows an embodiment of 
a control system for a vehicle with an electronically 

40 controlled type automatic transmission system 
coupled with an internal combustion engine whose 
rotational speed during automatic gear-shifting op- 
eration is controlled in accordance with the present 
invention. Reference numeral 1 generally desig- 

45 nates a vehicle control system for a vehicle (not 
shown) which is powered by an internal combus- 
tion engine 2 and an automatic transmission sys- 
tem T/M comprising a friction clutch 4 mounted on 
an engine flywheel 2a and a gear type synchro- 

50 mesh transmission 5. in this embodiment, the fric- 
.tion clutch 4 is a well-known dry-type single-disc 
clutch having a clutch release lever 4a and a pres- 
sure plate 4b. In order to control the 
engaging/disengaging (ON/OFF) operation of the 

55 clutch 4, there is provided a clutch actuator 6 
having a piston rod 6a connected to the clutch 
release lever 4a for actuating the clutch release 
lever 4a. The clutch actuator 6 is coupled with a 
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stroke sensor 7 for detecting the position of the 
pressure plate 4b of the clutch 4 and a clutch 
signal CL indicating the position of the pressure 
plate 4b is produced by the stroke sensor 7. The 
clutch 4 is connected by a connecting rod 8 with 
the transmission 5. and the rotational output of the 
transmission 5 is transmitted through a propeller 
shaft 9 to a wheel driving mechanism 3 of the 
vehicle. 

The transmission 5 is actuated by a gear shift- 
ing actuator 10 associated therewith, and the gear 
position set in the transmission 5 is detected by a 
gear position sensor 11 associated with the trans- 
mission 5 to produce a gear position signal GP 
showing the actual gear position set in the gear 
transmission 5. 

The vehicle has a selector 12 with a selecting 
lever 12a that is manipulated by the driver to select 
one position from among a plurality of positions 
which includes an "N" position (neutral), a "1" 
position (1st gear), a "2" position (2nd gear), a "3" 
position (3rd gear), a "D" position (automatic gear 
changing position), and an "FT position (reverse 
gear). That is, the driver manipulates the selecting 
lever 12a in order to select a desired control mode 
for the transmission 5. The selecting lever 12a is 
coupled with a selected position sensor 13 for 
producing a selected position signal SP showing 
the position of the selecting lever 1 2a. 

An acceleration sensor 14 is associated with an 
accelerator pedal 15 and produces an acceleration 
signal a showing the amount of operation of the 
accelerator pedal 15. Reference numeral 16 in- 
dicates a known vehicle speed sensor mounted on 
the propeller shaft 9 for producing a vehicle speed 
signal VS showing the running speed of the vehicle 
powered by the engine 2. 

The vehicle speed signal VS, the selected po- 
sition signal SP and the acceleration signal A, 
which represent operating parameters of the ve- 
hicle, are applied to a calculating unit 17 compris- 
ing gear-shift map data. The gear-shift map data is 
for determining the gear position of the transmis- 
sion 5 to be used at each instant in response to the 
amount of operation of the accelerator pedal 15 
and the vehicle speed in a well-known manner. 

In the calculating unit 17 a plurality of sets of 
gear-shift map data are provided, each of which is 
assigned so as to correspond to the respective 
position to be selected by the selecting lever 12a. 
The calculating unit 17 is responsive to the se- 
lected position signal SP to select a set of gear- 
shift map data corresponding to the position se- 
lected by the selector 12 at that time, and calcula- 
tion is carried out to determine the target gear 
position on the basis of the selected gear-shift map 
data in accordance with the acceleration signal a 
and the vehicle speed signal VS. The calculated 



result of the calculating unit 17 is output as a target 
signal TS representing the target gear position to 
which the transmission 5 is to be shifted. The 
target signal TS is applied to a gear-shifting control 

5 unit 18. In the calculating unit 17 the necessary 
map calculation may be performed at appropriate 
time intervals to obtain the target signal TS as 
discrete information. 

The gear-shifting control unit 18 comprises a 

10 well-known type microcomputer system which in- 
cludes a central processing unit (CPU), read-only 
memory (ROM), random access memory (RAM) 
and I/O interface, which are interconnected by a 
bus to form a microcomputer. The arrangement of 

15 the microcomputer is not illustrated in Fig. 1 as it is 
conventional. The gear-shifting control unit 18 re- 
ceives the clutch signal CL. the gear position signal 
GP and an engine speed signal NE output by a 
known speed sensor 26 associated with the internal 

20 combustion engine 2 and indicating the rotational 
speed of the internal combustion engine 2, and 
converts these signals into digital form. The con- 
verted data are processed in accordance with a 
conventional control program stored in advance in 

25 the gear-shifting control unit 18 to produce a shift 
control signal SF and a clutch control signal CD 
which serve to shift the gear of the transmission 5 
into the target gear position indicted by the target 
signal TS. 

30 The shift control signal SF is applied to the 

gear shifting actuator 10 for controlling the gear 
shifting actuator 10 so as to shift the gear of the 
transmission 5 into the determined target gear po- 
sition, while the clutch control signal CD for driving 

35 the clutch 4 so as to engage or disengage the 
clutch 4, is applied to the clutch actuator 6. 

The gear-shifting control unit 18 further outputs 
a first signal Sa and a second signal Sb. The level 
of the first signal Sa is high only during a series of 

40 operations for carrying out automatic gear-shifting 
operation, that is, only, between the beginning of 
the operation for shifting the transmission 5 to the 
target position determined at that time and the end 
of the operation of the engagement of the clutch 4. 

45 The level of the second signal Sb is high only 
between beginning of the operation for engaging 
the clutch 4 just after the transmission 5 has been 
shifted to the target gear position and the end of 
. the operation of the engagement of the clutch 4. 

so The first and second signals Sa and Sb are pro- 
duced by a timing detector 18a in the gear-shifting 
control unit 18 and applied to an engine control unit 
25 which receives the acceleration signal A, the 
target signal TS, the vehicle speed signal VS and a 

55 throttle position signal TP produced by a throttle 
sensor 27 coupled with a throttle valve 28 and 
indicating the throttle position of the throttle valve 
28 for throttling the flow of fuel into the internal 
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combustion engine 2. 

The engine control unit 25 includes a central 
processing unit (CPU) 19. read-only memory 
(ROM) 20, random access memory (RAM) 21 and 
I/O interface 22. which are interconnected by a bus 
23 to "form conventional microcomputer system, 
and a control program for controlling the throttle 
position of the throttle valve 28 so as to perform 
the engine speed control is stored in advance in 
the ROM 20. The engine control unit 25 functions 
to regulate the engine speed based on the manipu- 
lation of the accelerator pedal 15 and to regulate 
the engine speed so as to match the operation 
condition of the automatic transmission system 
T.M, and the necessary control operations are car- 
ried out in accordance with the control program 
stored in the ROM 20 in response to the input 
signals to produce a motor control signal MS. A 
motor 29 coupled with the throttle valve 28 is 
responsive to the motor control signal MS to obtain 
a throttle position determined by the engine control 
unit 25 as will be described below. 

The control program executed in the engine 
control unit 25 is composed of a first control pro- 
gram 40 which is executed at predetermined con- 
stant time intervals and is for determining a throttle 
control mode of the throttle valve 28, and a second 
control program 50 for controlling the throttle posi- 
tion of the throttle valve 28 in the control mode 
determined in the first contrpl program 40. which is 
also executed at predetermined constant time inter- 
vals. 

Fig. 2 is a flowchart showing the first control 
program 40. When the execution of the first control 
program 40 starts, the operation moves to step 41 
wherein data corresponding to the first and second 
signals Sa and Sb are read in. and the operation 
moves to step 42 wherein discrimination is made 
as to whether or not the content of a flag F for 
indicating the control mode of the throttling opera- 
tion of the throttle valve 28 is 2, meaning a tran- 
sient control mode which will be described in more 
detail later. 

Since the flag F is set to 0 when the initializing 
operation is carried out for the engine control unit 
25, the determination in step 42 becomes NO at 
the time of the first program cycle. The determina- 
tion in step 42 becomes YES when F is equal to 2 
and the execution of the first control program 40 is 
completed. 

The operation moves to step 43 when the 
determination in step 42 is NO. and discrimination 
is made as to whether or not the automatic gear- 
shifting operation is being carried out in the auto- 
matic transmission system T/M on the basis of the 
first signal Sa. The determination in step 43 be- 
comes NO when the automatic gear-shifting opera- 
tion is being carried out, that is, when the level of 



the first signal Sa is high, and the operation moves 
to step 44 wherein the flag F is set to 0. which 
means a normal control mode in which the throttle 
position is proportionally controlled in accordance 

s with the amount of operation of the accelerator 
pedal 15. The execution of the first control program 
40 is completed by the execution of step 44. 

The operation moves to step 45 if the deter- 
mination in step 43 becomes YES, and discrimina- 

70 tion is made in step 45 based on the second signal 
Sb as to whether or not the operation for engaging 
the clutch 4 has begun, that is. whether the level of 
the second signal Sb is high. The determination in 
step 45 becomes NO when the operation for clutch 

75 engagement has not started yet. and the operation 
moves to step 46 wherein the flag F is set to 1, 
which means a constant control mode in which the 
throttle position is controlled so as to obtain a 
prescribed engine speed irrespective of the amount 

20 of operation of the accelerator pedal 15. Then, the 
execution of the first control program 40 is com- 
pleted. Thus, in the case where the automatic gear- 
shifting operation has begun, but the operation for 
clutch engagement has not started, the constant 

25 control mode is selected. 

The determination in step 45 changes from NO 
to YES if the operation for clutch engagement has 
started, and the operation moves to step 47 
wherein the flag F is set to 2. which means a 

30 transient control mode in which the throttle position 
is gradually changed to the position corresponding 
to the amount of operation of the acceleration ped- 
al 15 so as to reach the corresponding position at 
the time the clutch 4 has just been completely 

35 engaged, or before complete engagement of the 
clutch 4. 

That is. the normal control mode is selected in 
the case where automatic gear-shifting operation is 
not being carried out, and the constant control 

40 mode is selected between the beginning of the 
automatic gear-shifting operation and the start of 
the operation for engaging the clutch 4 after the 
gear position of the transmission 5 is changed to 
the desired target gear position. Furthermore, the 

45 transient control mode is selected during the clutch 
engagement operation just after the transmission 5 
is shifted to the target gear position. 

Description will be now given to the second 
control program 50 with reference to the flowchart 

so of Fig. 3 illustrating the second control program 50. 
When the execution of the second control program 
50 starts, the operation moves to step 51 wherein 
the data corresponding to the acceleration signal A. 
the target signal TS. the vehicle sped signal VS 

55 and the throttle position signal TP are read in, and 
the operation moves to step 52 wherein discrimina- 
tion is made as to whether or not the flag F is 0. 
The operation moves to step 53 when F is 0, and 
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the throttle position of the throttle valve 28 is pro- 
portionally controlled in the normal control mode in 
which the throttle position is determined in accor- 
dance with the acceleration signal a and the motor 
control signal MS is produced to proportionally 
control the actual throttle position indicated by the 
throttle position signal TP to be coincident with the 
target throttle position. That is, the actual throttle 
position is proportionally controlled in accordance 
with the acceleration signal A. After this, the execu- 
tion of the second control program 50 is com- 
pleted. 

When the flag F is not equal to 0 in step 52, 
the operation moves to step 54 wherein discrimina- 
tion is made as to whether or not the flag F is 
equal to 1. The determination in step 54 becomes 
YES when the flag F is equal to 1 . and the opera- 
tion moves to step 55 wherein the throttle position 
is controlled in the constant control mode, in which 
the target engine speed RT is determined in accor- 
dance with the following formula: 
RT = VS/GR (1) 

where VS is the vehicle speed and GR is the gear 
ratio of the new gear position which will be ob- 
tained by the automatic gear-shifting operation. The 
target engine speed RT may be corrected appro- 
priately when braking power is applied to the ve- 
hicle. Since the transmission 5 is disconnected 
from the internal combustion engine 2 when the 
constant control mode is implemented, the target 
engine speed RT can be easily converted into the 
corresponding throttle position to obtain the con- 
verted target throttle position. The actual throttle 
position shown by the throttle position signal TP is 
compared with the converted target throttle posi- 
tion, and the actual throttle position of the throttle 
valve 28 is controlled so as to be equal to the 
converted target throttle position, whereby the tar- 
get engine speed RT can be obtained. The execu- 
tion of the second control program 50 is completed 
after the execution of step 55. 

When the determination is step 54 becomes 
NO, the operation moves to step 56 wherein the 
target throttle position ST is determined in accor- 
dance with the amount of operation of the accelera- 
tor pedal 15 in the same manner as the determina- 
tion in the normal control mode and discrimination 
is made as to whether or not the actual throttle 
position SA is coincident with the determined target 
throttle position ST. When the actual throttle posi- 
tion SA is not coincident with the target throttle 
position ST. the determination in step 56 becomes 
NO and the operation moves to step 57 in which 
the throttle position is controlled in the transient 
control mode. In contrast, in the case where the 
determination in step 56 becomes YES, the opera- 
tion moves to step 58 wherein the flag F is set to 0. 
The execution of the second control program 50 is 



completed when the execution of step 57 or 58 has 
been finished. 

Fig. 4 is a detailed flowchart of step 57 of Fig. 
3. In step 71 a target throttle position is determined 

5 in accordance with the amount of operation of the 
accelerator pedal 15 in the same manner as the 
determination in the normal control mode (step 53), 
and the resulting target throttle position ST is 
stored as the target throttle position used in the 

to transient control mode. After this, in step 72 the 
target throttle position ST is compared with the 
actual throttle position SA indicated by the throttle 
position signal TP. The determination in step 72 
becomes YES when ST is greater than SA and the 

is operation moves to step 73 wherein the step 
amount AA is determined. AA is an incremental 
amount per program cycle for causing the actual 
throttle position SA to gradually approach the target 
throttle position ST, and may be determined in 

20 relation to the gear position, the amount of opera- 
tion of the accelerator pedal 15 and the like at that 
time. 

After the determination of AA, the set value M 
is determined by adding AA to the actual throttle 

25 position SA at that time in step 74, and the opera- 
tion moves to step 75 wherein the throttle position 
is controlled so as to be equal to the set value M. 
Thus, the throttle position control is carried out in 
such a way that the actual throttle position is in- 

30 creased by AA for each program cycle. This con- 
trol operation is continued until SA has become ST, 
as will be understood from the operation executed 
in step 56 of the second control program 50 shown 
in Fig. 3. The maximum value of the set value M at 

35 this time will be referred to as Mmax. 

On the other hand, when SA is greater than ST 
in step 72, the determination in step 72 becomes 
NO and the operation moves to step 76 wherein 
the step amount AB is determined. AB is an de- 

40 crement amount per program cycle for causing the 
actual throttle position SA to gradually approach 
the target throttle position ST, and may be deter- 
mined in relation to the gear position, the amount 
of operation of the accelerator pedal 15 and the 

45 like at that time. 

After the determination of AB, the set value M 
is determined by subtracting AB from the actual 
throttle position SA in step 77, and the operation 
moves to step 75 wherein the throttle position is 

so controlled so as to be equal to the set value M. 
Thus, the throttle position control is carried out in 
such a way that the actual throttle position SA is 
decreased by AB for each program cycle. This 
control operation is continued until SA has become 

55 ST, as will be understood from the operation ex- 
ecuted in step 56 of the second control program 50 
shown in Fig. 3. The set minimum value of the 
value M at this time will be referred to as Mmin. 
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As a result, in the case where SA is not equal 
to ST, the actual throttle position is increased or 
decreased by a prescribed magnitude for causing 
the actual throttle position to gradually approach 
the target throttle position ST, whereby the actual 
throttle position will be able to reach the target 
throttle position. 

The speed control operation of the internal 
combustion engine 2 according to the first and 
second control programs 40 and 50 shown in Figs. 
2 to 4 will be described with reference to Figs. 5A 
to 5C. 

Since the clutch 4 in its completely engaged 
state before Ti, and the automatic gear-shifting 
operation has not begun yet, the throttle position of 
the throttle valve 28 is controlled in the normal 
control mode before ti . Accordingly, the determina- 
tion in step 43 is NO when the first control program 
40 is executed and it follows that the flag F is set 
to 0. 

The level of the first signal Sa becomes high 
when the automatic gear-shifting operation is start- 
ed at time ta under the condition described above, 
and the clutch 4 is disengaged to assume its 
completely disengaged state (OFF state) at time ti 
as shown in Fig. 5A. Accordingly, the determination 
in step 43 becomes YES after ti to make the flag F 
become 1 and constant speed control is carried out 
in step 55. As a result, the throttle position is 
controlled so as to be fixed at the target throttle 
position as shown in Fig. 5C for obtaining the 
desired engine speed, whereby the engine speed 
is lowered as shown in Fig. 5B. 

When the operation for engaging the clutch 4 
is started at ta after the transmission 5 has shifted 
to the target position, the determination in step 45 
is YES so that the flag F is set to 2 in step 47. 
Consequently, each of the determinations in steps 
52 and 54 of the second control program 50 be- 
comes NO, so that discrimination is made in step 
56 as to whether or not SA is equal to ST. The 
throttle position is controlled in step 57 in the 
transient control mode as was described in detail 
with reference to Fig. 4 in the case where SA is not 
equal to ST. That is, the actual throttle position SA 
is increased or decreased by a predetermined 
small magnitude for each program cycle, and fi- 
nally the actual throttle position SA reaches Mmax 
or Mmin which is substantially equal to the target 
throttle position ST depending upon the amount of 
operation of the accelerator pedal 15 at U. 

The determination in step 56 becomes YES 
when SA is equal to ST, and the flag F becomes 0 
again to control the throttle position in the normal 
control mode. As illustrated in Fig. 5C, the throttle 
position is maintained at the set value Mmax, which 
is substantially equal to the target throttle position if 
the amount of operation of the acceleration pedal 



15 has not been changed. In addition, the values of 
&A and AB may be determined in such a way that 
time U when SA reaches ST will to come before 
time t$ when the engagement of the clutch 4 is 

5 completed. 

With this constitution, an accelerating force will 
be applied to the vehicle after t4. In this case, after 
the beginning of the operation for engaging the 
clutch 4, the target value of the throttle position is 

io gradually increased until Mmax which is deter- 
mined in accordance with the amount of operation 
of the accelerator pedal 15, so that the engine 
speed is increased at a rate corresponding to the 
amount of operation of the accelerator pedal 15 

is after t4 as illustrated in Fig. 5B. As a result, the 
driver will experience a definite and adequate feel- 
ing of acceleration at the time ts, at which the 
automatic gear-shifting operation is completed. 
This effect is based on the fact that the throttle 

20 position control according to the amount of opera- 
tion of the accelerator pedal 15 starts as soon as 
the engaging operation of the clutch 4 is started, 
whereby the vehicle speed varies faithfully in ac- 
cordance with the operations performed by the 

25 driver and it is possible to eliminate the incompati- 
bility between the feeling expected by the driver 
and the operations he carries out. Therefore, even 
if the gear-shifting operation is carried out in. for 
example, a case where the driver has fully de- 

30 pressed the accelerator in order to pass another 
car, for the reasons described above, the vehicle 
can be accelerated sufficiently, enabling preferable 
vehicle operation control from the point of safe 
driving. 

35 Fig. 6 is a schematic view of another embodi- 

ment of a control system for a vehicle with an 
electronically controlled type automatic transmis- 
sion system coupled with an internal combustion 
engine whose rotational speed is controlled in ac- 
40 cordance with the present invention. The arrange- 
ment of the vehicle control system 100 (shown in 
Fig. 6) is basically the same as the arrangement of 
the vehicle control system 1 shown in Fig 1 but is 
different from the vehicle control system 1 in that 
45 the clutch signal CL and a brake signal BK indicat- 
ing whether or not a brake pedal 31 is depressed 
and supplied from a brake sensor 30 coupled with 
the brake pedal 31 are supplied to an engine 
control unit 125 corresponding to the engine con- 
so trol unit 25 shown in Fig. 1 . Furthermore, the brake 
pedal 31 is connected with a conventional braking 
device (not shown) and the engine control unit 125 
operates in accordance with a different control pro- 
gram stored in the ROM 20 of the engine control 
55 unit 125 in response to the input signals including 
the brake signal BK. The flowchart of this control 
program is indicated by reference numeral 80 in 
Fig. 7. In Fig. 6, portions the same as those of Fig. 
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1 are designated by identical reference numerals, 
respectively, and the descriptions thereof will be 
omitted. 

The vehicle control system 100 of Fig. 6 is 
different from that of Fig. 1 in that the magnitude of 
the target throttle position ST is changed depend- 
ing upon whether or not the braking device is in an 
operative condition. 

Explanation will be given as to the engine 
control operation of the engine control unit 1 25 with 
reference to the flowchart of the control program 80 
shown in Fig. 7. 

The execution of the control program 80 is 
started at predetermined regular time intervals and 
after the start of the execution of the control pro- 
gram 80. step 81 is executed first for reading and 
storing data corresponding to all of the signals 
supplied to the engine control unit 125. After this, 
the operation moves to step 82 wherein discrimina- 
tion is made as to whether or not an automatic 
gear-shifting operation is being carried out on the 
basis of the first signal Sa. The determination in 
step 82 is NO if no automatic gear-shifting opera- 
tion is being carried out or the level of the first 
signal Sa is low. and the operation moves to step 
83 wherein the throttle position of the throttle valve 
28 is controlled in the normal control mode simi- 
larly to the control performed in step 53 of the 
second control program 50. The operation returns 
to step 81 after the execution of step 83. 

The operation moves to step 84 if the deter- 
mination in step 82 is YES. and discrimination is 
made in step 84 on the basis of the clutch signal 
CI as to whether or not the clutch 4 is ON. The 
determination in step 84 is YES in the case where 
the clutch 4 is fully engaged, and then the opera- 
tion moves to step 83. In contrast, the determina- 
tion in step 84 is NO in the case where the clutch 4 
is not fully engaged and then the operation moves 
to step 85 wherein the target engine speed NT for 
the state of clutch disengagement is calculated in 
accordance with the following formulation. 
NT = S x G x K (2) 

where, S is the vehicle speed before the perfor- 
mance of the gear-shifting operation, G is the gear 
ratio which is to be obtained by the gear-shifting 
operation, and K is a constant 

In the next step 86 discrimination is made as to 
whether or not the braking device is rendered per- 
ative (ON), and the operation moves to step 87 rf 
the braking device is not ON. in step 87 a coeffi- 
cient Ki is determined in accordance with the 
amount of operation of the accelerator pedal 15 by. 
for example, a map calculation. On the other hand, 
the operation moves to step 88 if the braking 
device is ON, and a coefficient K 2 (< Ki) is deter- 
mined. The coefficient Ki may be a fixed value. 

The coefficient Ki is set as the value of a 



variable Kc in step 89 when the braking device is 
OFF. and the coefficient K 2 is set as the value of 
the variable Kc in step 90 when the braking device 
is ON. Then, the final target engine speed TE is 
5 calculated in step 91 in accordance with the follow- 
ing formula 

TE = NT x Kc (3) 

The operation further moves to step 92 wherein the 
target throttle position TH required for obtaining the 

io target engine speed TE determined by the use of 
the formula (3) is calculated. 

After this, the operation moves to step 93 
wherein discrimination is made on the basis of the 
level of the second signal Sb as to whether or not 

15 the gear-shifting operation for shifting the transmis- 
sion 5 to the target position has been completed. If 
the gear-shifting operation for shifting the transmis- 
sion 5 to the target position has not been com- 
pleted yet or the level of the second signal Sb is 

20 not high yet, the operation returns to step 85. The 
determination in step 93 becomes YES when the 
gear-shifting operation for shifting the transmission 
5 to the target position has been completed, and 
the operation moves to step 94. 

25 In step 94. the target throttle position TH deter- 

mined in step 92 is gradually changed with the 
passage of time until the target throttle position TH 
has reached the upper limit value Mmax. which is 
determined in accordance with the amount of op- 

30 eration of the accelerator pedal 15 at that time if 
the driver depresses the accelerator pedal 15 dur- 
ing the gear-shifting operation for shifting the trans- 
mission 5 to the target position. Furthermore, the 
actual throttle position is controlled so as to be 

35 equal to the target throttle position TH or the upper 
limit value Mmax at each moment in the same 
manner as in step 57 shown in Fig. 4. Thus, after 
the gear-shifting operation for shifting the transmis- 
sion 5 to the target position, the engine speed is 

40 controlled in accordance with the target throttle 
position determined in step 94. 

As a result, if the accelerator pedal 15 is de- 
pressed during the gear-shifting operation, the en- 
gine speed is controlled after the completion of the 

45 gear-shifting operation for shifting the transmission 
5 to the target position in a similar manner to the 
control system shown in Fig. 1, and the control 
result will be similar to that shown in Figs. 5A to 
5C. 

so On the other hand, if the brake pedal is de- 

pressed to render the braking device operative, but 
the accelerator pedal 15 is not depressed, the 
actual throttle position varies as indicated by the 
broken line in Rg. 5C. That is. a lower throttle 

55 position is established due to the selection of the 
coefficient K2 after the disengagement of the clutch 
4 at t2. The lower throttle position is maintained in 
step 94 because of no depression of the acceiera- 
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tor pedal 15. This will cause the driver to exper- 
ience a feeling of deceleration during the engaging 
operation of the clutch 4 after the completion of the 
gear-shifting operation for shifting the transmission 
5 to the target position, whereby the incompatibility 
between the deceleration feeling expected by the 
driver and the braking operation effected by the 
driver can be eliminated. 

If the driver shifts his foot from the brake pedal 
to the accelerator pedal to accelerate the vehicle 
during the gear-shifting operation, the target throttle 
position TH is of course increased by an amount 
corresponding to the amount of depression of the 
accelerator pedal at that time, whereby the driver 
will experience an appropriate feeling of accelera- 
tion. 



Claims 

1. A method for controlling the speed of a 
vehicle engine with an automatic transmission sys- 
tem, which includes a clutch and a gear transmis- 
sion electronically controlled so as to automatically 
shift the gear transmission to a target gear position 
determined in response to an operation parameter 
or parameters of the vehicle, said method compris- 
ing the steps of: 

determining a target speed of the engine during a 
condition of disengagement of the clutch; 
detecting the operation condition of the clutch; 
regulating a fuel regulating member for controlling 
the fuel quantity supplied to the internal combus- 
tion engine so as to obtain the target speed while 
the clutch is in its disengaged state; 
detecting the amount of operation of an accelerat- 
ing member; and 

controlling the fuel regulating member from a pre- 
determined time before the clutch becomes com- 
pletely engaged after the gear transmission was 
shifted into the target gear position so as to gradu- 
ally change the supplied fuel quantity to an amount 
corresponding to the amount of operation of the 
accelerating member of the vehicle at that time. 

2. A method as claimed in Claim 1, wherein 
said controlling step has steps of: determining a 
target fuel quantity corresponding to the amount of 
operation of the accelerating member; detecting an 
actual fuel quantity; comparing the target fuel quan- 
tity with the actual fuel quantity; and changing the 
actual fuel quantity to the target fuel quantity 
gradually until the actual fuel quantity becomes 
equal to the target fuel quantity. 

3. A method as claimed in Claim 2, wherein a 
set value which is greater than the actual fuel 
quantity at that time by a predetermined value is 
set as a target amount at regular time intervals 
when the target fuel quantity is greater than the 



actual fuel quantity, and the fuel regulating member 
is controlled so as to obtain the target amount by 
following the target amount until the actual fuel 
quantity has reached the target fuel quantity. 

5 4. A method as claimed in Claim 2, wherein a 

set value which is less than the actual fuel quantity 
at that time by a predetermined value is set as a 
target amount at regular time intervals when the 
target fuel quantity is less than the actual fuel 

to quantity, and the fuel regulating member is con- 
trolled so as to obtain the target amount by follow- 
ing the target amount until the actual fuel quantity 
has reached the target fuel quantity. 

5. A method as claimed in Claim 1 . wherein the 
is actual fuel amount is controlled so as to reach the 

target fuel quantity by the time the clutch has just 
been completely engaged. 

6. A method for controlling the speed of a 
vehicle engine with an automatic transmission sys- 

20 tern, which includes a clutch and a gear transmis- 
sion electronically controlled so as to automatically 
shift the gear transmission to a target gear position 
determined in response to an operation parameter 
or parameters of the vehicle, said method compris- 

25 ing steps of: 

determining a target speed of the engine during a 
condition of disengagement of the clutch; 
detecting the operation condition of the clutch; 
regulating a throttle position of a throttle valve 

30 member of the internal combustion engine so as to 
obtain the target speed while the clutch is in its 
disengaged state; 

detecting the amount of operation of an accelerat- 
ing member; and 

35 controlling the throttle valve member from a pre- 
determined time before the clutch becomes com- 
pletely engaged after the gear transmission was 
shifted into the target gear position so as to gradu- 
ally change the throttle position to an amount cor- 

40 responding to the amount of operation of the accel- 
erating member of the vehicle at that time, where- 
by the speed of the vehicle engine becomes equal 
to the speed corresponding to the amount of op- 
eration of the accelerating member by the time the 

45 clutch has just been completely engaged. 

7. A method for controlling the speed of a 
vehicle engine with an automatic transmission sys- 
tem during an automatic gear-shifting operation, 
the system having a clutch and a gear transmission 

so which are electronically controlled so as to auto- 
matically shifty the transmission to a target gear 
position determined in response to an operation 
parameter or parameters of the vehicle, said meth- 
od comprising steps of: 

55 determining a target speed of the engine after the 
completion of the gear-shifting operation in accor- 
dance with the vehicle speed just before the start 
of the gear-shifting operation and the resulting gear 
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ratio to be obtained after the gear-shifting opera- 
tion; 

detecting whether or not a braking device is op- 
erated: and 

correcting the target engine speed to a lower 5 
speed in accordance with the operation condition of 
the braking device. 

8. A method as claimed in Claim 7, wherein a 
coefficient is determined in accordance with the 
condition of operation of the braking device and the w 
target speed is multiplied by the coefficient to 
obtain the corrected target speed. 

9. A method as claimed in Claim 8. wherein the 
coefficient is determined in the case where the 
braking device is being operated in such a way that rs 
a feeling of deceleration corresponding to the op- 
eration of the braking device can be obtained dur- 
ing the engaging operation of the clutch. 
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